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It is well documented that after acute deep
venous thrombosis (DVT) develops, persistent
venous abnormalities occur, resulting in postthrom-
botic syndrome (PTS). The reported incidence of
PTS after DVT varies between 40%1,2 and 75%.3,4
Venous hypertension caused by persistent occlusion
or reflux caused by valvular insufficiency currently is
considered to be the main cause of PTS.1,4-6 It is
also unclear to what extent and in which locations
venous abnormalities lead to development of PTS.
In a study by Heldal et al.7 in which invasive pres-
sure recordings were performed at a 7-year follow-
up examination, only half of the patients with hemo-
dynamic deep venous insufficiency had clinical
symptoms of PTS.
In early studies venous abnormalities were
assessed with plethysmography.1,3 This technique
provides no information about the exact location of
venous abnormalities. Duplex scanning provides
more detailed information. In recent years several
studies evaluated the hemodynamic outcome of
DVT with duplex scanning.6,8,9 Other studies10,11
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suggested that incompetence of the popliteal valve is
the most important factor in development of PTS.
Other studies showed that incompetence of the pos-
terior tibial vein12 or both the posterior tibial and
the popliteal veins13 is crucial. In almost all studies
only the posterior tibial vein was evaluat-
ed,6,10,12,14,15 and the other distal veins were not
examined. If reflux in the tibial posterior vein is an
important factor in development of PTS, other dis-
tal veins also may be important. Because the super-
ficial system also may influence development of
PTS,16 an inventory was made of all veins, including
the superficial and distal veins. 
Few studies have been performed to the physio-
logic range of duration of reversed flow14,17,18 in
healthy persons, and methods to induce reflux have
varied. In our study we measured the physiologic
range of reversed flow in healthy persons to define
the normal and pathologic durations of reversed
flow in the veins. With this definition, we evaluated
reflux in patients. In this study, reflux, noncom-
pressibility of veins, presence of flow, and relation
between abnormalities and initial thrombosis were
assessed by means of duplex scanning 7 to 13 years
after the acute episode of DVT.
METHODS
The characteristics of 31 healthy persons with no
history of signs of DVT, chronic venous disease, or
varicose veins were as much as possible matched
with those of patients. The records of patients who
had received a phlebographic diagnosis of DVT
between 1983 and 1989 were reviewed. Of the 256
patients, 92 had died, 33 were unable to return for
reexamination, 26 could not be traced, and 23
refused to participate in the study. Ten patients were
excluded because they had recurrent thrombosis,
which makes determination of the location of the
original thrombosis difficult. The remaining 72
patients were reexamined 7 to 13 (mean, 10) years
after the initial diagnosis of DVT. The study was
approved by the ethics committee of the hospital,
and written informed consent was obtained from all
participants.
All patients had been treated in the acute phase
with intravenous heparin for 5 to 10 days and oral
anticoagulants for at least 12 weeks. All patients had
been instructed to wear graduated compression
stockings for at least 3 months. The extent and loca-
tion of the initial DVT were reviewed on the origi-
nal phlebograms by one radiologist (F.M.J.H.),
who was unaware of the results of the duplex exam-
inations.
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Duplex scanning was performed by two well-
trained vascular technicians using a Toshiba SSA
270A scanner with a 3.75 or 5 MHz probe in low-
flow setting. The technicians performed the scans
without knowledge of the original location of the
thrombosis. All veins were examined with the
patient in reverse Trendelenburg position at 45
degrees. The veins examined were the common
femoral vein, superficial femoral vein (proximal,
medial, and distal), long saphenous vein (proximal,
middle, and distal), popliteal vein, short saphenous
vein, and posterior and anterior tibial and gastrocne-
mial veins. An examination time of 1 hour was
reserved for each patient. If time allowed, the per-
oneal veins also were examined. In the calf each
artery is accompanied by two veins. The two veins
were numbered, vein 1 being the more superficial
and vein 2 the deeper vein.
The presence of venous flow and reflux was mea-
sured in the longitudinal plane. Reflux in proximal
veins was measured after a Valsalva maneuver; in the
distal veins reflux was measured after distal manual
compression with sudden release. Reflux was
defined as reversed flow lasting longer than 1 sec-
ond. Compressibility was assessed in the transverse
plane. A vein was considered noncompressible if it
was not totally compressed during gentle pressure
on the skin over the vein. A vein segment was con-
sidered normal if fully compressible and if flow with-
out reflux was present.
The outcome of duplex scanning of the initially
thrombosed segments was compared with that of
scanning of the segments without initial thrombosis.
The vein segments were classified as normal; reflux
present; noncompressible; or a combination of non-
compressibility, reflux present, and no flow in the
vein segment. In the distal vein segments traceabili-
ty also was noted.
The relation between initial thrombosed vein
segments and venous abnormalities was studied at
Table I. Location of initial thrombi
Location No. of patients
Proximal
Iliac veins 0
Iliac and femoral veins 4 (6%)
Femoral and popliteal veins 8 (11%)
Proximal and distal
Iliac, femoral, popliteal, and distal veins 11 (15%)
Femoral, popliteal, and distal veins 33 (46%)
Distal 16 (22%)
Total 72 (100%)
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the patient level. The Mantel-Haenszel test was used
to combine the patient results into the overall odds
ratio (ORM-H). Significance was considered at a p
value of 0.05 or less.
RESULTS
Healthy subjects. The mean age of the healthy
subjects was 48 years (range, 23 to 78 yr). Twelve
subjects (39%) were were men, and 19 (61%) were
women. We examined 19 (61%) right and 12 (39%)
left legs. In the 527 vein segments, with the excep-
tion of the common femoral vein, duration of reflux
was less than 1 second (confidence interval [CI]
proximal, 92.1% to 98.5%; CI distal, 95.7% to
99.7%), so pathologic reflux was defined as a dura-
tion of reversed flow of more than 1 second. The
common femoral vein showed a very wide range
compared with the other vein segments.
Patients. At admission into the follow-up study,
the mean age of the patients was 54 years (range, 21
to 80 yr). Forty-nine patients (68%) were men, and
23 (32%) were women. In 41 (57%) patients the
DVT was located in the right leg; in 31 (43%)
patients it was in the left leg. For classification of
PTS, 20 patients in class 0, 29 in classes 1 to 3, and
23 in classes 4 to 6. The locations of the initial
thrombi are shown in Table I. Among the 16
patients with limited distal venous thrombosis, the
posterior tibial veins were affected in 14 patients, the
anterior tibial veins in 9, the peroneal veins in 8, the
gastrocnemial veins in 5, the long saphenous vein in
1, and the short saphenous veins in 2 patients.
The extent of initial thrombosis and the relation
to duplex findings are presented in Table II. In an
overview of all veins of the 72 patients, only 8 (11%)
patients had completely normal duplex results. Most
normalized veins were found in the 16 patients with
initial limited distal vein thrombosis (n = 6). Among
the patients with duplex abnormalities, reflux was
the most common abnormality—33 (46%) patients
had reflux, 6 (8%) had at least one noncompressible
vein segment, and 25 (35%) had a combination of
both. Among patients with initial proximal DVT the
incidence of distal valvular incompetence (31%) was
not significantly higher than that among patients
without proximal DVT (18%).
Almost all proximal vein segments could be
traced (98%). Table III shows the outcome of
duplex scanning of the proximal vein segments.
Among the vein segments without initial thrombo-
sis, a higher percentage of vein segments were nor-
mal (73%) than among the vein segments with initial
thrombosis (46%). A significantly higher frequency
of reflux (ORM-H, 1.8; p = 0.05; 95% CI, 1.0 to 3.1)
occurred among the initially thrombosed proximal
vein segments compared with the nonthrombosed
segments. Among initially thrombosed proximal
vein segments a significantly higher frequency of
segments were noncompressible (ORM-H, 37.8; p <
0.01; 95% CI, 3.8 to 381.2). Twelve percent of orig-
inally thrombosed proximal vein segments remained
noncompressible, suggesting residual thrombus. In
almost all proximal vein segments with initial throm-
bosis, flow was present (99%). All vein segments
without flow also were noncompressible, showing
that only a few (n = 3) noncompressible proximal
veins were completely occluded. Noncompressibility
of the distal superficial femoral vein was prominent
in the initially thrombosed segments (20%) and was
relatively evident in the segments without initial
thrombosis (7%). Eight vein segments that were ini-
tially open were noncompressible at follow-up
duplex scanning. For four of these eight vein seg-
ments initial phlebography showed distal thrombo-
sis. The noncompressible distal superficial femoral
(n = 2) and long saphenous half (n = 2) vein seg-
ments had no distal or proximal thrombosis at orig-
inal phlebography.
Table IV shows the outcome at duplex examina-
tion of all distal vein segments. Distal to the knee
Table II. Outcome for all veins in each patient measured with duplex scanning 7 to 13 years after initial
episode of deep venous thrombosis
Location of thrombosis
Outcome with duplex scanning
at initial phlebography No. of patients Normal Reflux NC Reflux and NC
Proximal 12 0 8 (67%) 0 4 (33%)
Proximal and distal 44 2 (5%) 17 (39%) 6 (14%) 19 (43%)
Distal 16 6 (38%) 8 (50%) 0 2 (12%)
Total 72 8 (11%) 33 (46%) 6 (8%) 25 (35%)
NC, Noncompressible.
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125 (17%) of all 720 vein segments could not be
traced. The veins that were frequently traceable were
the posterior tibial veins (97%) and the short saphe-
nous vein (100%). The examination time of 1 hour
allowed seven patients no time for examination of 14
peroneal veins. In the group of originally throm-
bosed vein segments a significantly higher frequency
of segments were not detected (ORM-H, 2.7; p <
0.01; 95% CI, 1.4 to 5.1) than among the segments
without previous thrombosis. The nontraceable vein
segments were not included in further analysis.
A higher percentage of the initially thrombosed
distal veins that were detected were normal (83%)
than in the proximal vein segments (46%). The dif-
ference in the presence of reflux (7%) and noncom-
pressibility (10%) in the initially thrombosed distal
vein segments compared with the vein segments
without initial thrombosis (reflux and noncompress-
ibility, 5%) was not significant. Flow was present in
almost all distal vein segments (99%). Fourteen vein
segments (6%) that were initially open were non-
compressible at duplex examination. Among the five
patients in whom the short saphenous vein was non-
compressible, four patients had previous popliteal
venous thrombosis.
DISCUSSION
The increasing development of duplex scanning
has made it possible to investigate more and more
individual veins to obtain anatomic and hemodynam-
ic information. In this study in only a few patients
(11%) did all veins return to normal after develop-
ment of DVT, which is in agreement with the findings
of Johnson et al.6 In that study (follow-up period, 3
years) investigators measured compressibility and
reflux of the proximal and posterior tibial veins that
lasted more than 2 seconds. Twelve percent of the
limbs returned to normal after development of DVT.
In the study by Franzeck et al.1 (follow-up period, 12
years) 27% of patients had normal Doppler results in
the proximal and distal veins. Although during a long
follow-up period venous abnormalities occurred in
most patients with DVT, not all of these patients had
clinical symptoms of PTS.
The frequency of reflux depends heavily on the
definition of reflux. There is still no consensus about
this definition, which varies from 0.5 second10,14,16
to more than 2 seconds.6,8,15 Most of the venous
abnormalities in our study were caused by reflux in
the proximal veins. Reflux developed in only a small
number (about 8%) of distal veins. This is in agree-
ment with results of other duplex studies, in which
reflux in the posterior tibial veins was found in
11%13 to 17% of patients,15 although in these stud-
ies the period until follow-up examination was short
(approximately 2 years). Our results contrasted to
those of the study of Franzeck et al.,1 who found
valvular incompetence in 46% of patients with poste-
rior tibial venous thrombosis. The difference can be
explained on the basis of the definition of valvular
Table III. Outcome for proximal segments measured with duplex scanning 7 to 13 years after initial
episode of deep venous thrombosis (72 patients, 7 segments each)
No. with thrombosis at initial phlebography No. normal at initial phlebography
No. of No. of
Vein patients Normal Ref NC NC + Ref NF* patients Normal Ref NC NC+Ref NF
Common 27 10 (37%) 14 (52%) 1 (4%) 2 (7%) 1 (4%) 45 22 (49%) 22 (49%) 1 (2%) 0 0
femoral
Superficial fem- 32 10 (31%) 19 (59%) 2 (6%) 1 (3%) 1 (3%) 40 26 (65%) 14 (35%) 0 0 0
oral, proximal
Superficial femoral, 36 14 (39%) 17 (47%) 3 (7%) 2 (6%) 0 36 31 (86%) 5 (14%) 0 0 0
half
Superficial femoral, 39 21 (54%) 10 (26%) 4 (10%) 4 (10%) 0 29 26 (90%) 1 (3%) 2 (7%) 0 0
distal†
Popliteal 49 24 (49%) 20 (41%) 5 (10%) 0 1 (2%) 23 19 (83%) 3 (13%) 1 (4%) 0 0
Long saphenous, 11 8 (73%) 3 (27%) 0 0 0 61 41 (67%) 18 (30%) 1 (2%) 1 (2%) 0
proximal
Long saphenous, 8 5 (63%) 2 (25%) 1 (13%) 0 0 56 48 (86%) 6 (11%) 2 (4%) 0 0
half‡
Total segments 202 92 (46%) 85 (42%) 16 (8%) 9 (4%) 3 (1%) 290 213 (73%) 69 (24%) 7 (2%) 1 (1%) 0
Ref, Reflux; NC, noncompressible; NF, no flow.
*All vein segments with no flow also were noncompressible.
Four segments were not traceable.
Eight segments were not traceable.
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incompetence. In our study valvular incompetence
was defined as reflux that lasted more than 1 second.
In the study of Franzeck et al.1 vascular incompe-
tence was defined as “reflux during proximal com-
pression and/or Valsalva maneuver.” If we change
our definition of reversed flow to more than 0.5 sec-
ond, the percentage of patients with reflux increases
to 38%. In a study with healthy persons, duration of
reflux induced with a pneumatic cuff ranged from
0.9 second in the common femoral vein to 0.12 sec-
ond in the posterior tibial vein.14 This might suggest
differences in definition for proximal and distal
veins. More studies are needed to define the best cri-
terion for reflux in the various venous segments.
It is not entirely clear whether reflux results from
direct damage to the valves14 or is caused by other
mechanisms such as dilatation of the vein. Our find-
ings of significantly more reflux in proximal seg-
ments with previous thrombosis implies that direct
damage to the valves is the dominant factor. On the
other hand the finding of frequency of reflux in seg-
ments without previous thrombosis suggests that
valvular insufficiency was not entirely limited to the
thrombosed vein segments, as described in a study
by Killewich et al.19
Compression ultrasound cannot be used to exam-
ine about half of patients believed to have recurrent
thrombosis within 1 year,20 because veins can remain
noncompressible after development of DVT. Re-
current thrombosis can appear within the first year,
and the yearly recurrence rate is about 6.4%.21 In our
7 to 13 year follow-up study, 43% of the patients had
one or more noncompressible vein segments, sug-
gesting that compression ultrasound cannot be used
without an antecedent test for comparison. In agree-
ment with findings by others13 in our study percent-
age of flow (99%) in formerly thrombosed proximal
veins was much higher than compressibility, showing
recanalization in most veins. This might be helpful in
the treatment of patients believed to have recurrent
DVT if no antecedent test has been performed. If a
vein segment without flow is traced with duplex
scanning, it is likely that this condition is caused by
recurrent thrombosis. This matter should be further
examined.
In a small number of patients vein segments that
were initially open were noncompressible when
assessed with duplex scanning. This occurred pri-
marily in the distal superficial femoral vein and the
short saphenous vein. In the former this might be
caused by the deep location of the vein, which makes
compression difficult.22 Among the five patients
with a noncompressible short saphenous vein, four
had popliteal venous thrombosis at phlebography,
and expansion to the short saphenous vein is likely.
Because duplex scanning of the distal veins is
technically difficult, only a few studies are available
in the literature.23,24 Ziegenbein et al.23 examined
the traceability of the distal veins using color duplex
scanning. In that study ability to trace the posterior
Table IV. Outcome for distal vein segments measured with duplex scanning 7 to 13 years after initial
episode of deep venous thrombosis (72 patients, 10 segments each)
No. with thrombosis at initial phlebography No. normal at initial phlebography
No. of No. of
Vein patients NT Normal Ref NC NF patients NT Normal Ref NC NF
Posterior tibial 1 52 1 38 (75%) 4 (8%) 9 (18%) 0 20 0 18 (90%) 2(10%) 0 0
Posterior tibial 2 53 3 36 (72%) 4 (8%)* 11 (22%)* 0 19 0 15 (79%) 3(16%) 1 (5%) 0
Anterior tibial 1 49 5 40 (75%) 3 (7%) 1 (2%) 0 23 1 21 (95%) 0 1 (5%) 0
Anterior tibial 2 49 18 30 (97%) 0 1 (3%) 0 23 3 18 (90%) 1(5%) 1 (5%) 0
Peroneal 1 49 18 25 (81%) 4 (13%) 2 (6%) 0 23 7 16 (100%) 0 0 0
Peroneal 2 49 21 24 (86%) 1 (4%) 2 (7%) 1 (4%) 23 7 14 (88%) 0 2 (12%) 0
Gastrocnemial 1 39 5 31 (91%) 1 (3%) 2 (6%) 0 33 3 27 (90%) 2(7%) 0 1 (3%)
Gastrocnemial 2 39 14 21 (84%) 2 (8%) 1 (4%) 1 (4%) 33 9 20 (83%) 1(4%) 1 (4%) 2 (8%)
Long saphenous 9 1 6 (75%) 0 0 2 (25%) 63 9 47 (87%) 2 (4%) 3(6%) 2 (4%)
distal
Short saphenous 21 0 16 (76%) 3 (15%) 2 (10%) 0 51 0 42 (82%) 2(4%) 5(10%)† 3 (6%)†
Total segments 409 86 267 (83%) 22 (7%) 31 (10%) 4 (1%) 311 39 238(88%) 13(5%) 14 (5%) 8 (3%)
NT, Not traceable; Ref, reflux; NC, noncompressible; NF, no flow.
*One posttibial vein was noncompressible and showed reflux.
†One short saphenous vein was noncompressible and had shown no flow.
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tibial vein in patients without previous DVT was
98%, the anterior tibial 96%, and both peroneal veins
96%. Unfortunately the authors did not report
about both of the paired veins. As shown in Table IV
the more superficial distal veins were easier to detect
than the deeper distal veins.
In the group of originally thrombosed vein seg-
ments, significantly fewer vein segments were
detected (21%) than in the group without previous
thrombosis (13%). An explanation might be that the
distal veins that were not recanalized remained
occluded and were not easy traceable with duplex
scanning because no flow was present in occluded
veins. The presence of flow makes it easier to find
the veins with the help of Doppler and color infor-
mation. If the distal veins that are not traced really
were still occluded, they should be included in the
analysis of Table IV. The distal veins that were
detected almost all became normal in comparison
with the proximal vein segments. In a study of the
radiologic progression of DVT25 initially throm-
bosed distal veins proceeded more frequently to
recanalization than the femoral veins, although a
more recent study6 did not confirm this.
In a follow-up study like ours the results can be
biased by selection of patients, although the distrib-
ution of age, sex, and location of initial thrombi
were mainly in agreement with those in the litera-
ture.6,13,14 Another disadvantage is that we had no
information about the initial hemodynamic status of
the veins, because phlebography only gives anatom-
ic information. Some patients may have had reflux
before the DVT appeared.
CONCLUSION
Duplex scanning showed that most patients still
had venous abnormalities 7 to 13 years after devel-
opment of DVT. The most common abnormality was
reflux. As expected, more abnormalities were found
in initial thrombosed segments than in segments
without initial thrombosis. The abnormalities were
confined to the proximal vein segments and to the
distal vein segments, although less frequently for the
latter. The clinical significance of the abnormalities
found in relation to PTS is subject for further study.
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